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1. Non-technical summary

The project aimed at establishing an essential oil industry in the Ord
River Irrigation Area (ORIA). This industry is particularly suited to the
ORIA where transport costs often prohibit the development of some
agricultural products. The oils are concentrated and highly valuable. In
addition, the ORIA with its abundant water and high temperatures
presents a unique opportunity to grow a wide range of crops for the
production of essential oils used by the food, medicinal and perfume
industries. Australia has therefore an opportunity to initiate a new
industry capable of replacing imports and gaining access to world
markets representing a value in excess of $400 million.
Work was carried out to determine the influence of commercial
harvesting and distiling procedures on the yield and quality of basil
and lemongrass oils. In both cases, the oil yields per hectare per year
were above the averages reported in the literature. The quality of the
commercial lemongrass oil was identical to the traded Guatemala
Iemongrass oil regarding its citral content, but superior to that oil
regarding its fragrance. The basil oil was similar to the traded
American Sweet basil oil.
In small trials, the yield and oil quality from steam distiled sage,
marjoram, tarragon, and patchouli were also assessed.
In addition, the potential for turmeric, ginger and paprika oleoresin
was also investigated. The costs of oleoresin production in the ORIA
are considered too high to establish a competitive industry.
2. Background to the research
The essential oil industry has traditionally been based in countries
with cheap labour. Recent changes in technology have meant that these
high valued products can be produced in developed countries with the
advantages of mechanical harvesting, better agricultural practices,
better distillation equipment and reliability of supply and quality.
The industry is particularly suited to remote locations such as the ORIA
where transport costs often prohibit the production of bulky
agricultural products. The oils are concentrated and extremely
valuable.
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All tropical and semi-tropical essential oils used in Australia by the
food, medicinal and perfume industries are imported. In 1986/87,
Australian imports in essential oils amounted to $11.8 million. The
trend toward the use of natural products in the food, medicinal and
perfume industries is increasing. Consequently the essential oil market
is expanding.
Intensive cultivation of some horticultural crops (mangoes, bananas)
have proved successful for ORIA growers. However limited market
prospects for some these crops mean an increasing number of growers
in the ORIA are looking for crop alternatives.
The ORIA with its abundant water and high temperatures presents a
unique opportunity to grow a wide range of crops for the production of
valuable essential oils used by the food, medicinal and perfume
industries.
The interest in developing lemongrass and basil for the production of
essential oil in the ORIA was based on sound scientific and commercial
considerations. In 1972, CSIRO evaluated the oil production from
lernongrass (Cymbooogon citratrus) in the ORIA. The highest total oil
yield over a 12 months period was a world record: 419 1/ha. This yield
obtained in the ORIA was due to the availability of year-round
irrigation. In addition, the 80 percent citral content of the oil was well
above the 75 percent level necessary for acceptance by the commercial
trade. The project therefore intended to establish an essential oil
industry based first on lemongrass and later introduce two other
Cymbopogon species likely to be as successful as lemongrass:
palmarosa and citronella. Australia imports 15 t/year of lemongrass oil
at $18/kg to $25/kg.
Basil (Ocimum basilicum LIwas a crop being successfully grown in the
ORIA for seed production. The oil distiled from that basil had been
tested. Its principal constituents were cineole and d-Iinalol and
therefore the oil could be marketed as first quality basil oil equivalent
to the American Sweet basil oil. It was considered possible to export
500 kg/year of basil oil at $120 /kg.
3. Objectives of the research project
The overall goal of the project was to establish an essential oil and
oleoresin industry in the Ord. To achieve this goal three specific
objectives were set:
2

Identification of local and overseas sources of appropriate planting
material.

i)

ii) Multiplication and observation of the introduced plants. Evaluation
of the most promising species.
iii) Oil extraction from the bulked plants and assessment of the oil and

oleoresin quality.
4. Introductory technical information
4.1 The introduction of grasses species and the Australian
Quarantine
Australia does not produce essential oils derived from tropical plants.
The most important of these plants are in most cases grasses that have
not been yet introduced in Australia. Grasses such as vetiver (Vetiveria
zizanoides), palmarosa (CymboQogon martini var. Motia), lemongrass
(Cymbopogon citratus and Cymbopogon flexuosus), citronella
(Cymbo[)ogon winteriana) are subject to rigid Quarantine laws that
were formulated to protect the pastoral industry. The introduction into
Australia of vegetative material derived from grasses is a long (from
18 months, up to 4 years) and expensive procedure as each plant is
subject to a virus test. The chance of finding a virus is high since these
grasses have been vegetatively propagated for hundred of years. The
plants can also get contaminated with a virus in Australia while being
under Quarantine. Although viruses can be harmless or permanently
dormant, the Quarantine law doesn't allow the introduction of grasses
contaminated with a virus.
It is possible to produce virus free planting material from virus
infected plants using a special tissue culture procedure. When dealing
with grasses the procedure becomes very sophisticated and the
required expertise is not available in Australia.
4.2 The bulking of rare planting material
A tissue culture laboratory is required to rapidly propagate rare
planting material. Tissue culture allows fast bulking with small initial
quantities of planting material. In addition, it ensures true to type
reproduction. Essential components include a laminar flow cabinet, an
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autoclave, a pH meter, a constant temperature cabinet, and
miscellaneous laboratory equipment.
A shade house is also required. Plants originated from tissue culture
are very sensitive to sunlight and need to be hardened in a shade
house.
4.3 Essential oil extraction
Essential oils are fragrant products obtained from natural raw
materials by distillation.
Distillation is a process where steam is passed through a mass of plant
material, the charge, that bears the volatile oil. The resulting vapours
are condensed and the valuable essential oils can be recovered since
the oils separate from the water in the liquid phase. There are many
factors governing the recovery of oils by distillation and distillers
should carry out test distillations of the different herbs being
processed. Test distillations will indicate approximately how much oil
can be extracted and how time or steam should pass to complete the
distillation. These are the most important parameters required to
design efficient stills.
In Western Australia, boilers over 40 horse-power require a licensed
operator. For various financial and practical reasons the commercial
distiller in the present project had no other option than to operate with
a 40 HP boiler even though a bigger boiler would have been more
efficient.
Usually, most distillations are conducted at atmospheric pressure.
However, there are few cases where an oil recovered under
atmospheric pressure is deficient in the most valuable higher boiling
components and is not representative of the expected standard
commercial product. The essential oils from plants like vetiver and
patchouli are recovered under gauge pressure distillations.
4.4 Spice Oleoresin extraction
Oleoresins are viscous liquids or semi-solid materials that contain the
aroma and flavour of the spice. Oleoresins are obtained from dried
spices by extraction with a volatile non-aqueous solvent such as
hexane. acetone. toluene. etc .. followed by removal of the solvent by
evaporation at moderate temperatures and under partial vacuum. The
4

removal of the solvent or solvents has to be in conformance with
applicable residual solvent regulations. It is therefore obvious that the
production of oleoresins should require sophisticated technology and a
fairly high initial capital input in order to make the enterprise
competitive.
4.5 Lemongrass oil quality
The quality of lemongrass oil depends on the percentage of citral in the
oil. The old method of deter mining citral levels was by titration with
sodium bisulfite and the essential oil trade had a standard minimum
requirement of 75 % citral content in lemongrass oil. Many traders,
unaware of technological changes in analytical procedures, are still
using that figure for their requirements. Today, a more precise method
using gas chromatographs is being applied to define citral levels. The
same lemongrass oil will show a lower content in citral when analysed
by a gas chromatograph. The difference between the values is usually
between 10% to 12%, the sodium bisulfite producing the higher values.
5. Research methodology
FIRST YEAR:
1. Identification of Australian and overseas sources of appropriate
planting material and multiplication in the ORIA or introduction to
Australia of:
Ambrette (Hibiscus abelmoschus). Bergamot (Citrus bergamia), Basil
(Ocimum basilicum LI. Cassia (Cinnamom cassia). Cinnamon (Cinnamon
verum), Citronella (Cymbopogon winteriana), Coriander (Coriandrum
sativum). Dalmatian sage (Salvia officinalis), Davana Indian (Artemisia
oallens), Field Mint (Mentha arvensis). Ginger (Zingiber officinale).
Marjoram (Origanum majorana L.), Palmarosa (Cymbopogon martini),
Paprika (Capsicum annuum), Patchouli (Pogostemon cablin), Tagetes
(Tagetes glandulifera), French Tarragon (Artemisia dracunculus),
Turmeric (Curcuma longa), Vetiver (Vetiveria zizanioides), Wormwood
(Artemisia absinthium .L Ylang ylang {Cananga odorata)
Different varieties of the same plant often produce significantly
different essential oils. Therefore a minimum of two varieties of the
same plant were grown when possible.
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2. Bulking of basil and lemongrass planting material currently available
in the ORIA.
3. Building of a field test still for the distillation of a minimum of 80 kg
of plant material.
SECOND YEAR:
1. Multiplication and observation of the introduced plants released

from the Australian Quarantine and Inspection Services.
2. Assessment of the oil yield and quality derived from: basil. ginger,
marjoram, patchouli, sage, turmeric, wormwood. Some essential oils
are subject to seasonal changes. Different parts of the same plant can
also produce different essential oils. Therefore, where possible, the
plants were harvested from factorial trial plots involving different
planting dates, harvesting dates and harvesting methods. A small
field scale still will was used for the distillations.
3. Agronomic development for optimising the harvesting and
distillation process of lemongrass and basil. Research trials on uses for
waste products from the distillation should commence.
THIRD YEAR:
1. Multiplication and further assessment of: Bergamot, Citronella,
Cassia, Cinnamon, Field mint, Palmarosa, Patchouli, Vetiver.Ylang ylang.
2. Agronomic investigation of cropping methods relevant to the crops
proven suitable to the ORIA environment and producing an essential
oil accepted by the market.
3. Commercial evaluation on substantial areas of agronomic methods
that have been optimised for lemongrass. Further research on uses for
waste products from the distillation.
4. Dissemination of the information and expertise gained.
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6. Detailed results
6.1

ASS ES SING TURMERIC OLEORES IN IN THE ORD

Summary
This trial (90K.U49) is part of a project aiming at establishing an
oleoresine industry in the ORIA. The trial consisted in observing the
effect of trace elements on turmeric yields using different planting
material.
The trace elements did not affect turmeric yields. The main rhizomes
(mothers) yielded significantly higher than the second lateral rhizomes
(fingers).
Introduction
The oleoresin from turmeric is often used as a colouring matter in
pharmacy, confectionery and food technology. In many countries it is
widely used for dyeing silk, cotton, wool, leather, fibre, paper and other
articles such as toys .
. Curcumin in turmeric is responsible for the antioxidant properties. It
protects oil and water emulsions and edible fats against oxygen
absorption and peroxide development and it is therefore used as a
stabilising agent in several vegetable oils (coconut, groundnut, mustard,
safflower, sesame, corn, etc.).
Turmeric can also be sold dried as a spice. It is the main constituent of
curry powders.
Society's concerns. particularly in the areas of safety and health, have
increased the use of natural products such as turmeric. As a result of
the increased demand for turmeric derived products, the following trial
was implemented in in the Ord River Irrigation Area (ORIA) to
investigate the effect of trace elements on turmeric yields using
different planting material.
Material and Methods
Turmeric (Curcuma aromatica) was grown under sprinkler irrigation on
Cockatoo sands. The rhizomes were planted on 6th March. Two kind of
7

planting material were used: the main rhizomes called "mothers" and
the second lateral rhizomes called "daughters" or "fingers". Thirty two
mothers per plot were planted at 30 cm spacing on 1.82 m beds while
the 88 fingers/plot were 22 cm apart.. Therefore, every treatment was

planted with approximately 500 g of turmeric. Prior to planting the
area was fertilised with 350 kg/ha of double superphosphate, 130
kg/ha of potassium nitrate and 50 kg/ha of urea.
Two months after planting, 200 kg/ha of urea and 220 kg/ha of
muriate of potash was applied. Five months after planting, a similar
side-dressing was applied to half the crop planted with mothers and
also to half the crop planted with fingers. The remaining halves of each
crop were side-dressed with 600 kg/ha of NPK Blue.
Each block, including 4 treatments (Table 1 ), was replicated four times
in a split-plot design.
Table 1. Treatments applied to turmeric

I

I
I

Treatment No.
1

I

2

I

~

Planting material
Mothers
Mothers
Fingers
Fingers

Trace elements in
side-dressing
None
Yes
None
Yes

The rhizomes were harvested during the last week of November.
Results and Discussion
The trace elements applied as a side-dressing did not affect the yields.
The plots planted with mother rhizomes produced significantly higher
yields.
The literature ( 1, 2, 3) reports that although the higher seed weight of
the mother rhizomes promotes seedling vigor and early growth, a
higher seed rate is required than when using fingers to achieve similar
yields. However, in the present case, a month after planting, an
average of 97% of the rhizomes had germinated in all plots and much
more was harvested from the initial 500 g/plot of planted mother
rhizomes than from the same planted amount of fingers (Table 2).
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Table 2. Turmeric yields (t/ha) derived from planted mothers and
fingers side-dressed with and without trace elements.
Yield (t/ha) from
Yield (t/ha) from
Side-dressing
planted mothers
planted fingers
Without trace elements
6.41
3.00
With trace element
3.12
5.63

References
1. j.W. Purseglove, E G. Brown, C.L. Green and S.R.j. Robbins - Spices -

Volume 2 - Tropical Agriculture Series, Longman 1981
2. Ibrahim, S. and N.H.V.Krishnamurthy. 1955. Preliminary studies in
Turmeric in Godavari delta. Andhra Agric. J. 2(5 ):241-246
3. Philip, J.P. Sethumadhavan and K.K. Vidhyadharan. 1981. Turmeric
cultivation - an apparaisal of agronomic practices. Indian Fmg. Dig.
14(3):19-21
6.2 PATCHOULI OBSERVATION TRIAL

Summary
This observation trial (89K47) is part of a project aiming at establishing
an essential oil industry in the ORIA. The trial consisted in observing
the growth and development of the patchoouli plants while bulking
them to allow the implementation of future fertiliser and water
management trials. The trial had also to produce material for
processing.
Even though the plants were thriving in the shade house, the trial did
not really succeed in growing patchouli in the field even when
protecting them from the sun. The reason for the slow growth of the
patchouli in the field are still being investigated.
Due to lack of appropiate equipment, the correct distillation procedure
could not be applied. Nevertheless, the first samples of patchouli oil
produced in the laboratory were found to match reasonnably well the
standard commercial oil sample. They were lower in
borneol/isoborneol. The samples were also paler in colour when
compared with the commercial sample.
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Introduction
Patchouli oil is an oil of considerable importance in the cosmetic
industry. The harmonious balance between woody, earthy and
camphoreous notes makes this essential oil a favourite and important
ingredient in perfume compounding. The total world production is
estimated to be 550 tonnes per annum. At the time of writing this
report, all attempts to produce synthetic patchouli oil have failed.

Material and Methods
One variety of patchouli

(Pogostemon oatchouli) were grown under

sprinkler irrigation on Cockatoo sands. The original material consisted
of four plants, 50 cm high, supplied by the Keravat Research Station in
Papua New Guinea. Cuttings were taken and raised in the shade house.
Later, they were planted on 10 August at 50 cm spacing on 1.82 m
beds. Prior to planting the area was fertilised with 350 kg/ha of
double superphosphate and 150 kg/ha of urea. Five months after
planting, 210 kg/ha of urea was applied. The first harvest took place
in January. The collected material was dried in the shade and later a
total of 500 g of dried leaves were steam distilled in the laboratory.
Results and Discussion
The patchouli plants took up to two months to adjust from their
transfert from the shade house to the field. Although protected by a
shading crop of sweet corn, the plants still suffered sunburns. Once
adjusted, the plants did not need any more the shading crop. However.
their growth was very slow and the plants never gained height.
Instead, after reaching a maximum 3 5 cm height, the plants expanded
laterally. In their natural environment, the plants are expected to
reach 1.2 meter height. After their first pruning in January, some of
the plants never fully recovered.
The normal procedure to distill patchouli requires alternating high and
low pressures. The laboratory not being adequately equipped, the
patchouli was distilled at low pressure only.
'
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6.3 EFFECT OF POTASSIUM ON THE YIELD OF CAPSICUM FRUITS
{CAPSICUM ANNUUM~ CV. NEGRAL GROWN FOR THE PRODUCTION
OF PAPRIKA OLEORE IN

Summary
A field experiment was conducted on a clay soil (Vertisoll in the Ord
River Irrigation Area to examine the effect of potassium applications
on the yield of capsicum fruits cv. Negral, The cv. Negral is grown in
the region of Murcia, Spain, exclusively for the production of paprika
oleoresin.
The use of potassium in the side-dressing did not affect significantly
the yield of fresh capsicum. This conclusion need to be confirmed by
further trials since there was a significant variability among the
replicates.
Introduction
Paprika oleoresin is a very popular food additive in many parts of the
world. The world market for this spice was estimated ( 1990) to be
2.500 tonnes with a value of US$ 31 million. The oleoresin is valued
principally for the brilliant red colour it gives to pale foods.
This trial on capsicum (90KU40) was conducted as part of a project
aiming at increasing the stability of the Ord River Irrigation Area
(ORIA) as an agricultural region by introducing new crops.

Material and methods
One month old capsicum seedlings, cv. Negral, were planted l lth April
1990 on Cununurra clay, 0.4 m apart in 3 rows. 0.4 m apart, on 1.82 m
beds and furrow irrigated. In each plot, seven plants per row were
planted, but only 5 plants from the center were harvested. Each block,
including 4 treatments (Table 1 ), was replicated four times in a splitplot design.
Prior to planting all beds were fertilised with 520 kg/ha of double
superphospate. Also, 90 kg/ha of urea were added to the basal
fertiliser where required by the treatment (Table 1 ). Two weeks after
planting, side-dressing of urea, 35 kg/ha, was applied at each
watering. Potassium was added to the side-dressing where required
by the treatment (Table 1 ).
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Table 1. Treatments applied to capsicum, cv, Negral

Treatment
N in basal fertiliser (kg/ha)
K in side-dressing (kg/ha)

N-t+

N+K+

N+K-

N-K-

0

90
40

90
0

0
0

40

H arvest started 30th July and lasted 12 weeks.
Samples of 200 fruits were sun dried, their stem and seeds were later
taken off, and the cleaned dried fruits were then grinded. The yield
and colour of the paprika spice obtained from sun-dried fruits was
compared with paprika derived from oven-dried fruits where samples
or 200 fruits were dried for 26 hours at 75 oc. The colours were
determined using the Methuen Handbook of colour.
Results and Discussion
The weight of the individual fruits were similar in all treatments
(T able 2) The number of fruits produced per plant were the highest
w 11ere potassium was applied as side-dressing in addition to urea as
basal fertiliser (Table 3) and the lowest number were where no
ni -trogen and no potassium were applied. However the difference was
not significant.
Table 2. Effect of different treatments on the average weight (g) of
in divldual capsicum fruits . cv. Negral.
Difference in
-rREATMENTS
No potassium in With potassium
weight
side-dressing
in side-dressing
No nitrogen in
0.19
15.40
15.21
bae.sal f ert.iliser
W ith nitrogen in
15.86
0.45
16.31
I ba.sal fertiliser
T~ ble 3. Effect of different treatments on the average number of
ca l)Sicu m fruits, cv. Negral, produced by a single plant.
TREATMENTS
No potassium in With potassium
Difference in
side-dressing
in side-dressing
fruit number
Ne> nitrogen in
32
31
ba sal fertiliser
W .i.th nitrogen in
2
34
36
ba sal fertiliser
T~ e use of potassium in the side-dressing did not affect significantly
the yield of fresh capsicum (Table 4). This conclusion need to be
12

confirmed by further trials since there was a significant variability
among the replicates.
Table 4. Effect of different treatments on the average yield (g/plant)
of capsicum fruits. cv. Negral. produced by a single plant.
Difference in
TREATMENTS
No potassium in With potassium
yield
side-dressing
in side-dressing
No nitrogen in
509
546
37
basal fertiliser
With nitrogen in
490
600
122
basal fertiliser
The fertiliser treatments did not affect the yield and quality of the
paprika. There was also no difference in yield or colour between the
paprika from sun-dried and oven-dried fruits. The average yield was
2.1 t/ha of reddish brown paprika from which to extract oleoresin.
6.4 ASSESSING GINGER OLEORESIN IN THE ORD

Summary
This observation trial (89K47) is part of a project aiming at establishing
an oleoresine industry in the ORIA. The trial consisted in observing the
growth and development of the ginger plants while bulking them to
allow the implementation of future fertiliser and water management
trials. The trial had also to produce material for processing.
Even though the plants were thriving in the shade house, the trial did
not succeed in growing ginger in the field even when protecting them
from the sun. The reason for the failure of ginger to grow in the field
are still being investigated.
Introduction
In the food industry ginger is an essential ingredient in a number of
products that include ginger bread, cakes, biscuits, curry powder.
preserves and sauces. large quantities are also used for flavouring
beverages such as ginger ale and ginger beer. Ginger is also used in
medicine and finds limited uses in perfumery.
Society's concerns. particularly in the areas of safety and health. have
increased the use of natural products such as ginger. As a result of the
increased demand for ginger derived products, the following
observation trial was implemented in in the Ord River Irrigation Area
13

(ORIA) to bulk planting material for future trials and assess the quality
of its oil and oleoresine.
Material and Methods
Two varieties of ginger (Zingiber officinale) were grown under
sprinkler irrigation on Cockatoo sands. The three varieties were:
Hawaii, Fidji. The rhizomes were planted on 12 August at 30 cm
spacing on 1.82 m beds. Prior to planting the area was fertilised with
350 kg/ha of double superphosphate and 150 kg/ha of urea. Five
months after planting, 210 kg/ha of urea was applied.

Results and Discussion
The rhizomes sent several shoots during the first two months after
planting. These shoots were however burned by the sun soon after
their emergence. Shade cloth placed around each indivual plant did not
stop the emerging shoots from drying up and dying. All the rhizomes
of the variety Hawaii died after two months while 20% of the Fidji
ginger were still alive.
The surviving Fidji rhizomes were taken from the field back to the
shade house where there are now growing without problem.
Further trials should consider the growing of a shade crop prior to
planting the ginger rhizomes. Different planting periods should also be
considered.
6.S WEED CONTROL IN LEMONGRASS

Summary
Eight chemicals likely to control weeds on lemongrass were tested.
Only product one exerted good control on both grass and broad leaves
weeds without causing damage to the lemongrass.
Introduction
. Lemongrass has been introduced in the Ord River Irrigation Area as a
new crop and it is now being grown commercially for the production of
an essential oil, source of of citral.
14

There is little information available on chemical weed control in

Iemongrass and for this reason we proceeded to test eight common
chemicals.
Materials and methods
Lemongrass (Cymbopogon citratus) was grown under irrigation on
Cununurra clay to investigate the effect on lemongrass growth of nine
common herbicides. The experiment involved eight treatments and
two controls, each replicated three times in a randomized complete
block design. Lemongrass tillers were planted in May at 0.50 m
spacing on 1.5 m beds, each plot consisting of one bed, 5 m long .
Prior to transplanting the beds were fertilised with 250 kg/ha of DAP,
150 kg/ha of urea and 2 kg/ha of Zinc sulphate. Flood irrigation was
applied as required. The treatments were applied 12 days after
planting. At that stage lemongrass had mostly 1 full leaf growing,
while the weeds had 2- 3 leaves for barnyard grass and 1-2 true leaves
for pigweed.
Two weeks after the spraying, barnyard grass and pigweed counts
were made.
Results and Discussion
The results of barnyard counts are presented in Table 1 . The results of
pigweed counts are not presented because of their inconsistency due to
low numbers of pigweed present.
Table 1. Barnyard grass counts
Treatment

Plant/rn-

Control 1

179

Alalone 4.5 kg/ha
Simazine e 2 L/ha
Dual@ 3 L/ha
Atrazine s 3L/ha
Diurone 3L/ha
Control 2
Sertine 1 L/ha
Goal® 4 L/ha

Met.ribuzin(r) 600 g/ha

0
200
275

112
87
208
17

so

12'5
15

Some of the lemongrass suffered initially from the treatment
application. However
months after the spraying, all lemongrass
plants had recovered and there was no obvious visual difference
among the treatments regarding the Iemongrass.
The results shows Aralons. Sertine and Goals as being significantly
(p<O.O 1) the more efficient chemicals, but Sertine and Goal® also
strongly affected lemongrass after their application. Diurone and Goal®
would normally be applied prior to planting.
In addition of being very active on grasses, Afalon® also exerted good
control on broad leaves weeds.
6.6 PRODUCTION OF LEMONGRAS S OIL IN THE ORD.
Summary

This trial is part of a project aiming at implementing an essential oil
industry in the Ord River Irrigation Area (ORIA). The trial consisted of
evaluation of oil yield and oil quality from steam distilled lemongrass,
Cymbopogon citratus.
The dominant chemicals compound in the commercial lemongrass oil
were neral (30 .. 7%) and geranial (43.65%). Minor compounds were
methyl heptenone (0.75%), myrcene (9.88%), Iinalool (0.52%), citronella!
(0.28%), nerol (0.52%), citronellol (0.33%), geraniol ( (41.94%), geranyl
acetate ( 1.40%).
The bulking of lemongrass for commercial distillations proceeded as
scheduled. In November 90, a total of 57 tonnes of fresh lemongrass
were distilled. One test still constantly produced an oil of extremely
high quality, while the commercial distillations produced a lernongrass
oil of a quality slightly inferior to the quality produced by the two
other stills. The quality of the commercial oil. although good, is said not
to conform to the standard lemongrass oil and therefore it makes its
marketing difficult.
The 40 HP boiler of the commercial still has been found not to produce
the adequate quantity and quality of steam required to correctly distill
a mass weighing up to 3 tonnes. The boiler generated 330 to 450 L/hr
of distillate which is less than the calculated requirement, 600 L/hr.
As a result. the oil produced by the commercial still contained less
citral than the oil distilled from the test stills.
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Introduction

For many years lemongrass oil ranked among the most important
essential oils in terms of the quantities used.
The lemongrass oil can be used as an oil in its own right in inexpensive
soaps and detergents. In addition, lemon grass is employed for the
isolation of citral which is used in flavours, cosmetics and perfumes or
converted into other materials such as ionones . acetal, etc. used in
perfumery. Ionones are a group of very important synthetic aromatics
possessing a strong and lasting violet odour. Finally, citral is also the
raw material used for the manufacture of synthetic Vitamine A.
Materials and methods
In June 87, tillers from 15 different lemongrass plants from several
gardens in Kununurra were collected and planted to produce more
planting material. All the plants were assumed to originated from the
CSIRO material used in trials in 1977. In August 88, the bulked
lemongrass was hand planted into ridges, 1 m apart and 75 m long to
cover 1.8 ha of Cununurra clay soil. Single tillers were spaced at SO cm
apart to give a population of 20,000 plants/ha.
An initial 160 kg N/ha as urea, 1 O.S kg/ha of Zn oxide and 32.S kg/ha
of double superphosphate were applied at establishment.
Approximately 3 months after planting 150 kg N/ha were added and
after every cut 100 kg N/ha was applied. The first harvest occurred
approximately six months after planting and subsequent harvests
followed every two months. At each harvest the plants were cut to a
uniform height of 20 cm.
Three different stills were used to distill the harvested grass:
Characteristics
Average charge (kg)
Height (m)
Cross section (m2)
Distillate flow rate (L/hr)
Heating time (min)
Extraction time (min)
Duration of distillation (min)
Boiler operating pressure (kpa)

Commercial still

Test still

Small still

2500
1.60

80

12

1.75
0.237

0.95

8.14

400
30 to 45
60 to 75
90 to 120
200 to 750

34
12
34
46
atm. pressure

0.007
7
8
22

30
700
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To compare extraction rates and the quality of the oil produced by the
different stills, grass samples of each commercial charge were taken
and distilled in both the field test still and the small test still whenever
possible.
The number, and the date of the distillations used for comparison in
this report are:
Distillation
No
1
2
3
4

5
6

7
8
9

10

11
12

13
14

Date

of distillation
29 May 89
13 June 89
13 June 89
23 August89
24 August89
24 August89
25 August89
25 August89
15 November 89
15 November 89
15 November 89
15 November 89
15 November 89
15 November 89

Harvest
3rd cut
3rd cut
3rd cut
-tth cut
4th cut
-tth cut
4th cut
4th cut
5th cut
5th cut
5th cut
5th cut
5th cut
5th cut

Operating stills
Commercial. Test
Commercial. Test
Commercial. Test
Commercial, Test, Small
Commercial, Test, Small
Commercial. Test, Small
Commercial, Test, Small
Commercial, Test, Small
Commercial. Small
Commercial, Small
Commercial. Small
Commercial, Small
Commercial, Small
Commercial, Small

Only the small still was used in producing oil samples when
investigating the effect of the plant's age on its citr al level. Every
week, three grass samples selected at random were distilled. Each
sample consisted of 30 to 15 individual plants depending on the age on
the plants.
The oil samples were sent to the Chemistry Centre for analysis. The
citral content was determined by gas-liquid chromatography. A
standard 99% citral sample was provided by the Melbourne based firm
BASF Australia Ltd.
Results and Discussion
1. THE OIL QUALITY
The quality of the lemongrass oil and therefore its value depends
almost entirely on its citral content. Commercial contracts are often
based on a minimum citral content of 75 % (bisulphite method). Citral
percentage are calculated as the sum of neral and geranial percentages.
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I. I Citral content and plant age
Figure 1 shows no real clear trend in the citral content in the plants as
they age. The abnormal values recorded could not be attributed to any
specific reason in particular. Since these high and low values could
indicate differences among the material being distilled. these
differences warrant further research aiming at isolating clones of
lemongrass with high levels of citral.
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Figure 1. Variation of citral content with plant's age. Only the small
still was used for distilling three charges every 7 to 10 days.
There was no correlation between the rate of extraction and the citr al
levels in the plants.

1.2 Citral content and type of still
The small still constantly produced an oil with higher citral levels than
the oil produced by the two other stills (Fig 2). The most likely reason
for these differences is that they operate at a different boiler pressure
and the steam supply (quality and quantity) is different for each still.
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Figure 2. Citral levels(%) produced bythe commercial still (Com.), test
still (Test) and small still (Small) during the season (3rd, 4th and 5th
harvest). The black dot is the average of the plotted values.
However, within one season, the individual stills produced a Series of
oil samples with different levels of citral, even the field test still and
the small still which perform under relatively fixed set of conditions.
The difference among the values produced by one single still, could not
be attributed to any specific reason in particular. In the present case,
the same fertiliser and irrigation schedule was applied to the whole
field. Even if some technical error occurred during the fertiliser
application. previous research by CSIRO demonstrated that fertiliser
regimes or irrigation schedules do not affect the oil quality. Although,
different weed control methods were applied in some some part of the
field, these high and low citral values could indicate differences among
the material being distilled.
Citral percentage are calculated as the sum of neral and geranial
percentages. The analyses of hundreds of oil samples from the three
stills showed an almost constant average level of neral of 30.2% for all
stills (Table 1) while geranial varied from 36.5% to 49.3% depending on
the kind of still used (Figure 3 ).
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Distillation number
2
6
1
4
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5
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n.a
n.a.
29
29
28
n.a
29
29
Test still
29
30
30
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30
Commercial 29
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Figure 3. Geranial levels ( % ) in oil samples produced by different stills
There were no differences in the cit.ral content when working with the
commercial still at 250 kpa or at 700 kpa.
The duration of the distillation appeared not to affect the citral content
because tests showed the "tail" fractions of the distillation were often
as rich in citral than the middle fractions. The main reason for the low
citral levels achieved by the commercial still are most likely due to an
inadequate supply of steam. inadequate in both quality and quantity.
As a result. the heating time of the herb prior to the start of the
distillate flow is abnormally long. The prolonged heating of the herb,
plus other contributory factors associated with the commercial still,
could be causing a breakdown of geranial prior to the distillate being
passed. Geranial, being an unsaturated aldehyde, is extremely reactive
and undergoes a wide variety of reactions. It is potentially possible
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one isomer, in this case geranial, is more reactive than the other
isomer, neraL
2. THE PERCENT AGE OF EXTRACTION
2.1

Percentage of extraction and age of plants

The yields of lernongrass oil are expressed in percentage (w/w),
assuming the specific gravity of lemongrass oil is 0.897.
Figure 4 shows fairly constant values for the percentage of extraction
as the plants age. However Figure 4 also shows large differences
among the replicates. The reasons explaining these differences are the
same as the ones mentionned previously. They could indicate
differences among the material being distilled.
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Figure 4 .. Variation of the extraction rates(%) with the plant's age.
Only the small still was used for distilling three charges every 7 to 10
days.
2.2 Percentage of extraction and type of still
The small still extracted more oil than two other stills (Figure 5 ).
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Figure S. Rates of extraction ( % ) achieved by three different stills.
The relatively poor performance of the test still is attributed to the fact
that its boiler operates at atmospheric pressure while the boilers of the
commercial and small stills operate at higher pressures.
3. CONCLUSIONS
The commercial still is producing an oil with significantly less citral
than the oil produced by the smaller stills. At present, it is believed
that this is the result of using a faulty boiler. The 40 HP boiler of the
commercial still has been found not to produce the adequate quantity
and quality of steam required to correctly distill a mass weighing up to
3 tonnes. The boiler generated 330 to 450 L/hr of distillate which is
less than the calculated requirement, 600 L/hr. As stated by the
expert who designed the commercial distillery, prospective distillers
must ensure that any boiler does generate steam at the required rate
and receive guarantees in writing from the manufacturer to that effect.
Ratings in terms of horse-power or kilowatts should never be accepted
at their face value.
The observed differences in citral levels between the oil samples and
the extraction rates achieved by a single still could be attributed to a
genetic difference among the plants making the samples. It has always
been assumed that all the lemongrass in the area derived from one
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single source and further research is necessary to prove the existence
of superior individual lemongrass plants since the observed differences
could also be the results of the different herbicides or weed control
methods applied. In addition. the stills themselves should be checked
using proven identical grass samples.
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6. 7 THE EFFECT OF STEAM FLOW RATE ON THE CONTENT OF
GERANIAL AND NERAL IN LEMONGRASS OIL (CYMBOPOGON
CITRATUS).

ABSTRACT: The chemical composition of lemongrass oil produced by
a commercial still supplied with 400 kg/hr steam to process 3 tonnes of
herb did not differ significantly from the oil produced by a test still
distilling 120 kg of herb with a 34 kg/hr steam supply. A third still
supplied with 7 kg/hr steam to distill a 10 kg charge produced an oil
with a higher citral content. Oil samples from the three stills had
similar neral content whereas the geranial content was higher in the
samples from the smallest still.
KEY WORD INDEX: Lemongrass, Cymbopogon curatus citr al, neral,
gerania1
INTRODUCTION:Previous studies in the Ord River Irrigation Area
(ORIA), northern Western Australia, had investigated the effect of N
fertilizers, water stress, wilting time, cutting height and frequency of
cutting on the oil percentage and oil quality in lemongrass,
l}·n1bopogon c/tratus ( 1,2 ). The present work was carried out to
determine the influence of the distilling procedure on the yield and
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quality of lemongrass oil to assist in the implementation

of an essential

oil industry in the ORIA.

EXPERIMENTAL: Lemongrass was hand planted into ridges, l m apart
and 75 m long on Cununurra clay soil. Single tillers were spaced at 50
cm apart to give a population of 20,000 plants/ha over l .8 ha.
An initial 160 kg N/ha as urea, HJ.5 kg/ha of Zn oxide and 32.5 kg/ha
of double superphosphate were applied at establishment. About 3
months after planting 150 kg N/ha was added as urea and after every
cut 100 kg N/ha was applied.
The first harvest occurred approximately six months after planting and
subsequent harvests followed every two months. At each harvest the
plants were cut to a uniform height of 20 cm with a forage harvester.
Three different stills were used to distill the harvested grass (Table 1 ).
Table 1. Description of the stills and distillation conditions
Commercial still

Test still

Small still

80

Height (m)

2500
1.60

Cross section (m2)

8.14

12
0.95
0.007

Distillate flow rate (L/hr)

400

Characteristics
Average charge (kg)

1.75
0.237

7
8

Extraction time (min)

30 to 45
60 to 75

34
12
34

22

Duration of distillation (min)

90 to 120

46

Boiler operating pressure (kpa)

200 to 750

atm. pressure

30
700

Heating time (min)

To compare extraction rates and the quality of the oil produced by the
different stills, grass samples of each commercial charge were taken
and distilled in both the test still and the small still.
The commercial still was designed and operated using the data
obtained from distilling lemongrass in the test still. A manufacturing
fault in the boiler of the commercial still resulted in a steam supply
three times less than the calculated optimum requirement.
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GC analysis of the essential oil samples was performed by the
Chemistry Centre (WA) using a Hewlett-Packard chromatograph (Model
5890) fitted with two FID, under the following conditions: columns: SO

m x 0.2 mm (10% Carbowax 20M and HPl methyl silicone); carrier gas
Helium at 1 ml/ min. Temperature programming cycle: SO° C ( 10 min),
2 ° C/min to 210 ° C (30 min). A standard citral sample (99% ) was
provided by BASF Australia Ltd.
RESULTS AND DISCUSS ION: The test still distillation curve for a
tested flow rate of 143 L/hr/m2 showed an initial constant distillate
ratio of 1 litre oil to 50 litres water (Figure 1 ). Its average output of oil
was 0.8 L/m2 at 95% estimated virtual exhaustion oil content and the
average output of water was 80 L/m2 (Figure l ) .
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Figure 1. Distillation curves for forage harvested (chopped)
le mongrass, Cymbopogon c/trstus; using the three different stills.
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The Iemongrass had an average of 0.24% oil content (Figure 3).

Therefore, when designing the commercial still, the expected average
output of oil from its 2500 kg charge was 5.7 Lat 95% estimated
virtual exhaustion oil content or 0.700 L/m2. Consequently, the
difference in output of oil between the commercial and test stills of
0.10 L/m2 resulted in a difference of 75 L/mZ of water to be passed.
The total water to be passed in the commercial still was thus 610 L. A
steam supply of 1168 L/hr would have duplicated the rate of steam
flow of the test still and the extraction time would have been 31
minutes (3 ). However, the commercial still could only supply 400 L/hr
and the extraction time as well as the heating time increased
significantly (Table l ).
Following the same guidelines for still design (3). the small still would
have required a boiler supplying approximately 1 kg/hr of steam to
duplicate the tested rate of steam flow but it was fitted with a boiler
that produced 7 kg/hr (Table 1 l. The average oil output was 2 L/mZ
(Figure 2).
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Figure 2. Distillation curves for forage harvested (chopped)
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The relatively excessive amount of water consumed is. evident from
comparing the distillation curves for the three stills (Figure 1 ).
Although a significantly higher percentage of oil was extracted when
using the small still (Figure 3 ), its faster steam flow did not
dramatically speed up oil recovery (Table 1 ) .
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Figure 3. Standard deviation in essential oil content of lemongrass,
Cymbopogon c/tratus distilled by the three different stills.
The operating boiler pressure in the commercial still did not affect the
quality of the oil and there were no significant differences among the
major constituents in oil samples from the commercial and test stills
(Table 2). The small still however produced an oil with significantly
lower levels of myrcene and geraniol (Table 2) and higher citral levels
(Table 3).
Citral percentage is calculated as the sum of neral and geranial
percentages. The analyses of oil samples recovered from the three
stills showed an almost constant average level of neral of 30% for all
stills (Table 3) while geranial contents varied from 36.5% to 49.3%
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depending on the kind of still used. The commercial and test stills
produced oil samples with similar geranial levels whereas the oil
samples from the small still had a significantly higher geranial content
(Table 3 ). This observation suggests a difference in vapor pressure

between these geometric isomers. The results demonstrate that
geranial has a lower vapour pressure than neral and that the steam
supply not only affect the quantity of lemongrass oil extracted but also
its quality.
Table 2. Main constituents of the steam volatile oil of lemongrass,
Cymbopogon citratus, distilled in three different stills.
Commercial

Test

Small

still.

still

still

Compound
Geranial

39.S

40.6

44.7

Neral

30.1

30.0

30.0

Myrcene

9.8

8.3

6.0

Geraniol

6.5

5.3

3.4

Geranyl Acetate

1.3

1.2

1.3

Methyl Heptenone

1.3

0.7

0.3

Nerol

0.8

0.5

0.7

Linalool

0.5

0.5

0.4

Citronellol

0.3

0.3

0.3

Data expressed as % total oil
Table 3. Citral, neral and geranial levels ( % ) and their standard error of
mean in le mongrass, Cymbopogon citratus, distilled by three stills.
Citral ( % )

Neral (%)

Commercial still

69

±

0.53

30

Test still

70

±

0.87

30 ± 0.76

40 ± 0.64

Small still

74

±

1.00

30

44± 0.71

Still

±

±

0.23

0.41

Geranial ( % )
39

± 0.34
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6.8 THE EFFECT OF DIFFERENT HARVESTING METHODS ON THE
YIELD AND QUALITY OF BAS IL OIL IN THE ORD RIVER IRRIGATION
AREA

ABSTRACT: Essential oil from steam distilled whole plants of basil,
Ocimum bas1Jicum L, cv. Large Green, harvested with different flower
sizes was compared with oil produced from basil flowers only. Higher
yields were obtained when distilling basil with long flower spikes ( 12
to 20 cm) rather than with shorter flower spikes. Distilling the whole
plant gave an oil with a higher percentage of methyl chavicol whereas
the flower spikes produced an oil richer in linalool.
INTRODUCTION: Sweet basil was already being grown commercially
in the Ord River Irrigation Area. northern Western Australia. for seed
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production. Samples from these plants were distilled and the oil,
assessed by essential oil traders. was found to be of the same quality as
the American Sweet Basil. Previous studies had investigated the effect
of N fertilizers on the flavor composition of basil essential oil ( 1.2). The
present work was carried out to determine the influence of the
harvesting procedure on the yield and quality of basil essential oil to
assist in the implementation of an essential oil industry in the area.
EXPERIMENT AL: One variety of basil. ocunua: basif.t'cuo1 L~ cv. Large
Green, was grown on Cununurra Clay under irrigation in the Ord River
Irrigation Area (ORIA), northern Western Australia. The experiment
involved six treatments, each replicated four times in a completely
randomized design. Basil was transplanted, beginning of March. at 0.50
m spacing on 0.91 m rows, each plot consisting of 4 rows, 10 m long.
Prior to transplanting the beds were fertilized with 250 kg/ha of DAP.
In addition, 100 kg/ha of urea was applied after each cut to the just
harvested plots. Flood irrigation was applied as required.
The treatments consisted in harvesting basil for distillation following
different procedures as described in Table 1.
Table 1. Material cut and distilled at. each of the 4 harvests.
Inflorescence
HARVEST
I Harvest
2
length
1
3
I Qrocedure
Tops
Tops
Tops
SFO
Short
SF2
Tops
Flowers Flowers
3-11 cm
Flowers Flowers Flowers
SF3
LFO

~

Tops
Tops
Tops

Tops

Tops

Tops

Tops

Tops

Flowers

Flowers

Tops

Flowers

Flowers

Flowers

Tops

Long
LF2
12-20cm
LF3

Tops= Basil plants (stem. leaves, inflorescence) cut 20 cm above
ground.
Flowers = Full inflorescences.
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None of the treatments could be applied after the 4th harvest in
November. When flowers only were harvested during the hot months,
the plants were not severely affected and were able to grow through
the summer. However, the plants in treatment SFO and LFO died or did

not regenerate well during the summer.
The plots were harvested manually and the material was steam
distilled using a boiler operating at atmospheric pressure and a still
1.75 m high with 0.237 m2 cross section. An average charge weighted
120 kg and the moisture content of the distilled material varied
between 75 and 82%. Each distillation took an average of 36 minutes.
GC analysis of the essential oil samples was performed by the
Chemistry Centre (WA) using a Hewlett-Packard chromatograph (Model
5890) fitted with two FID, under the following conditions: columns: 50
m x 0.2 mm ( 10% Carbowax 20 m and HP 1 metal silicon); carrier gas
Helium at 1 ml/min. Temperature programming cycle: 50 ° C ( 10 min),
2 °C/min to 210 °C (30 min).
RESULTS AND DISCUSSION: The oil content varied from 0.065% to
0.24% (Figure 1) depending on the material distilled, the time of the
year, the age of the plant, and the treatment. There was a significant
difference (p<0.05) between two major groups: the basil harvested with
short flower spikes produced less oil than the basil harvested with long
flowers. The highest yield (91.6 ± 3.6 L/ha/year) was obtained when
mainly long flower spikes where harvested and distilled whereas
distilling whole plants with short flowers produced the lowest yield (
66.9 ± 4.4 L/ha/year ). Therefore, a person distilling basil should aim at
harvesting the plants when the majority of the flowers have reached
their maximum height.
Percentages of linalool content in similar Iinalool-rich oils ranged from
39.1 to 68.4% depending on the oil country of origin (3 ). From a
biosynthetic origin standpoint, the relatively high levels of methyl
chavicol content together with high levels of linalool suggest that two
biosynthetic pathways are participating in the production of the
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essential oil components in this particular strain and that cv. Large
Green is a Iinalool-methyl chavicol chemotype of (}. basilicun1 ( 4).

During the second and third harvests of treatment LF2 and LF3. flower
spikes only were cut and distilled. The recovered oil samples were
compared with samples of treatment. LFO derived from harvesting and
distilling whole plants during the same harvests. Linalool content
varied from 43.5 to 59.8 % while methyl chavicol content ranged
between 22.0 and 32.4%. The distillation of whole plants produced an
oil with a significantly lower linalool content (Figure 3) and higher
methyl chavicol content (Figure 4) than the distillation of flowers only.
It is thus possible to alter to some extent the aroma profile of basil oil

in a desired direction without affecting the total yield of oil. If the
distiller aims at producing an oil rich in linalool he should cut the
plants, with long flower spikes, high above the ground. That procedure
would also reduce the total amount of fresh material to be transported
and distilled and possibly result in significant savings in fuel. The
option of distilling the whole plants with long flower spikes will yield
the same amount of essential oil but with a significantly higher content
of methyl chavicol.
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AGE, MARJORAM, TARRAGON, PATCHOULI,
,A ODO RA, AND ARTEMIS IA ABS INTHIUM FOR THE
F ESSENTIAL OILS IN THE ORD.

Su 111111 ary
These observation trials are part of a project aiming at implementing
an essential oil industry in the Ord River Irrigation Area (ORIA). The
trial consisted of evaluation of oil yield and oil quality from steam
distilled sage, marjoram. tarragon, patchouli, StreDtoglossa liatroides
and Artemisia ahsinthinm. The incorrect water management of these
crops strongly affected the plants establishement and no definite
figures are avaible for oil yields in L/ha/year.
The patchouli and tarragon were ordered from a nursery in
Queensland specialised in herbs and aromatic plants. There were listed
in their catalogue as patchouli (Pogostemon patchouli) and French
tarragon (Artemisia dracunculus). However their patchouli was in fact
Pogostemon heyneanus, the only Pogostemon species that flowers. Its
oil has no commercial value. In addition. we found after analysis of
the oil that their tarragon was the Russian tarragon (Artemisia
dracunculoides). Oil from Russian tarragon is also unmarketable.
Once established, all plants grew well. However only sage survived the
waterlogging conditions at the onset of the rainy season.
The dominant chemical compound in our sage oil was thujone, the
marjoram oil was characterised by a high content of cis-sabinene
hydrate (26 %) and sabinene (8.7 %), and the Russian tarragon had a
high percentage of sabinene (31 %) and methyl eugenol (22.5 %).
Sage

Materials and methods
One variety of sage (Salvia officinalis) was grown under irrigation in a
randomised complete block trial with three replicates on Cununurra
clay to assess the oil yield and quality of three different seed sources.
Sage seeds were planted at the end of April at 0.30 m spacing on 0.91
m ridges, each plot consisting of 4 ridges. 4.5 m long .
Prior to planting the ridges were fertilised with 250 kg/ha of DAP, 150
kg/ha of urea and 2 kg/ha of Zinc sulphate. Eight months after
seeding, the flowering plants were cut back and the entire production
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was steam distilled in a specially designed still capable of processing
charges between 5 to 10 kg, The average percentage of moisture
content of fresh harvested sage was 71 %. The plants were distilled
with an average moisture of 43%. The oil samples were sent to the
W.A. Government Chemical Laboratory for analysis.
Results and Discussion
AH plants established poorly, mainly due to incorrect water
management. Once established the plants did grow well. After the
first cut, just prior to the onset of the rainy season, half the plants
recovered and survived a hot season with an high rainfall. In the ORIA
environment, sage should be envisaged as an annual crop either for
essential oil production or seed production ..
No significant difference was found among the three sources of seeds in
terms of oil yield percentage (Table 1 ). The potential for oil
production using these sources of seeds in the ORIA has been
estimated at 6 7 to 76 kg/ha/year of sage oil. If these yield figures are
confirmed in the future by a similar trial then sage could be considered
an economically viable crop for the production of oil in the ORIA
provided the oil is marketable.
Table L

Sage oil yield ( % of dry weight)

Treatment

Yield (%)

Seed source
Kimberley Seeds
Royston Petrie
Northrup King

Rep 1
0.552
0.606
0.545

Treatment

Rep 3

Mean

0.456

0,722

0.5 53

0.663

0,721

0.601

0.577
0.607
0.622
0.602

Rep 2

Although official results from the oil analyses were not yet available
the time of writing this report, preliminary results indicated a high
percentage of thujone in a11 samples.

at

Marjoram
Materials and met.hods
One variety of marjoram (Origanum maiorana L., formerly classified as
Maiorama hortensis Moench.) from two different sources was grown
under irrigation in a randomised complete block trial with four
replicates on Cununurra clay to assess the oil yield and quality of two
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different seed sources. Marjoram seeds were planted at the end of
April on 1.5 m beds, each plot consisting of one bed with 4 rows, 10 m

long.
Prior to planting the beds were fertilised with 250 kg/ha of DAP, 150
kg/ha of urea and 2 kg/ha of Zinc sulphate. Six months after seeding,
the flowering plants were cut. back and the entire production was
steam distilled in a specially designed still capable of processing
charges between 5 to 10 kg. The plants were harvested and distilled
with an average moisture of 64%. The oil samples were sent to the
W.A. Government Chemical Laboratory for analysis.
Results and Discussion
The crop establishment was poor in general, mainly due to incorrect
water management. Once established the plants did grow well. After
the first cut, less than half the plants did not recovered because the
harvest period coincided with the first rains and the trial was flooded
for a short period. In the ORI A environment, marjoram should be
envisaged as an annual crop.
No significant difference was found among the two sources of seeds in
terms of oil yield percentage (Table 2). Because of the extreme
variability of the fresh marjoram yields due to poor establishment, it
hasn't been possible to estimate accurately the potential for oil
production.
The oil assessed by Fritzsche Dodge & Olcott in New York showed a high
percentage of cis-sabinene hydrate (26 % ) and sabinene ( 8.7). This oil
is entirely different from an oil traded as Spanish marjoram oil or
Spanish wild marjoram oil wich is derived from Thymus mastichina L.
and contains large amount of 1.8-cineole (45 %) and linalool (.27 %).
Table 2. Marjoram oil yield (%of fresh weight) of two different brands
Treatment
Seed Source
Northrup King
Royston Petrie

Rep 1
0.298
0.30S

Yield (%)
Ren 2 ·
Ren 3
0.370
0.353
0,422
0.422

Rep4
0.311
0.408

Treatment
means
0.333
0.389
0.363
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Tarragon
Materials and methods
Russian tarragon (Artemisia dracunculoides) was grown under
irrigation on Cununurra clay to assess its oil yield and quality.
Tarragon seedlings were planted at the end of April at 0.30 m spacing
on 1.5 m beds, each plot consisting of one bed with 4 rows, 10 m long .
Prior to transplanting the beds were fertilised with 250 kg/ha of DAP.
150 kg/ha of urea and 2 kg/ha of Zinc sulphate. Flood irrigation was
applied as required. At flowering time, the plants were cut back and
the entire production was steam distilled. The plants were harvested
and distilled with a moisture of 84%. The oil sample was sent to the
W.A. Government Chemical Laboratory for analysis.
Results and Discussion
After the first cut, the plants recovered well. However the trial was
flooded for a short period later in the year and the plants did not
survive.
The Russian tarragon oil yield was 0. 12 % of fresh weight and the oil
dominant ingredients were sabinene (31 % ) and methyl eugenol (22.S
% ). This oil is entirely different from the French tarragon oil which
contains (81 %) of methyl chavicol. The Russian tarragon has 90
somatic chromosomes. while the French tarragon which is a derivative
of Russian tarragon has 36 somatic chromosomes. No chromosones
count was performed on our plants because the plants were purchased
from a nursery in Queensland specialising in herbs and there were
listed as French tarragon. Russian tarragon has no culinary application
and its oil is unmarketable.
The trial was however informative enough to indicate that French
tarragon which is weaker that Russian tarragon is not likely to be an
economically viable crop for the ORIA on clay soils.
Patchouli
Patchouli was ordered from a nursery in Queensland specialised in
herbs and aromatic plants. It was listed in their catalogue as patchouli
(Pogostemon patchouli), However when we received the plants we
realised there were in fact Pogoste mon heyneanus, the only
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Pogostemon species that flowers. lt.s oil has no commercial value. The
plants were planted on clay but did not survived the rainy season.
In another trial, patchouli (Pogostemon patchouli) was imported from
Papua New Guinea. After being released from Quarantine, the plants
were successfully propagated by tissue culture. The plants did not
grow well on sandy soil but grew well on levee soils. The research
programme dealing with patchouli could not be completed because of
t.he premature end oft.he project. Preliminary tests indicated that the
material imported is suitable for the production of good patchouli oil.
However, patchouli appears to be marginally suited to the ORIA.

Streptoglossa
A proposal for an essential oil industry issued by the South Autralian
Department of Economic Development in November 1978 listed three
Australian natives plants worthy of examination. One of them was
Pterigera liatroides classified today as Streptoglossa liatroides.
Kings Park in Perth supplied the seeds. The trial could not be
implemented due to the low germination rate of the supplied seeds.
Artemisia absinthium

Artemisia absinthium was planted on clay but it soon became clear that
the plants were intolerant of standing water or poorly drained soils.
Eventually they all died at the onset. of the rainy season.
7. Discussion of results including an analysis of research
outcomes with the objectives
The project only lasted two years instead of three as initially
scheduled. The chemical consortium BASF, who was financing the
present project with ASRRF, sold its fragrance and flavour business,
Fritzsche Dodge & Olcott, to another firm. Givaudan, in June 1990, end
of the second year of the project. Efforts to resume the project were
unsuccessful due to the lengthy and intricate negotiations involved in
the sale. In addition, the Director Manager of BASF Australia, a keen
supporter of the project, retired in November 1990.
The overall goal of the project - to establish an essential oil and
oleoresin industry in the Ord - was nearly realised when in 1989 a
commercial distillery started to operate in the area. However. the
operation stopped when Fritzsche Dodge & Olcott was sold and oil
41

purchases

ceased.

Fritzsche Dodge & Olcott were the sole buyers of all

the essential oils being produced in the ORIA.
During the two years the project lasted, the following objectives were
realised:
i)

Identification of sources of planting material

Four researchers from overseas greatly contributed to the
establishment of the project by supplying selected planting material:
Dr Pasril Wahid
c/o RISMC
Jalan Cimanggu
Boger 16111

INDONESIA
Supplied: Palmarosa (tillers}. Citronella (tillers).
Dr De marne Frederic
c!o IRAT
97 487 St Denis Ced ex
REUNION ISLAND
Supplied: Vetiver (tillers), Vanilla (vines)
Mr David W. Loh
clo Dept of Agriculture and Livestock
Post Office, Keravat
PAPUA NEW GUINEA
Supplied: Patchouli (cuttings). Citronella (tillers), Vetiver (tillers).
Mr George A. White
Beltsville Agricultural Research Center
Plant Introduction Office, USDA-ARS
Building 001, Room 322. BARC-West
Beltsville, Maryland 20705

USA
Supplied: Vet.iver (seeds)
Microplants Ltd

Longnor, nr. Buxton
Derbyshire SK 17 ONZ
U.K.

Could supply: virus free Vetiver (tissue cultured)
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ii) Multiplication, observation and evaluation of the
introduced plants

A tissue culture laboratory and a shade house have been established
with funds provided by BASF and a grant from the Rural Credit Fund.
They became operational in August 89. Rare plants or selected plants
such as turmeric (Curcuma longa), patchouli (Pogostemon cablin), and
Ylang ylang (Cananga odorata) were micropropagated.
One and half year after the start of the project, 87,000 plants of
lemongrass were established. They were bulked from 64 tillers taken
from 8 different plants.
From a total of 32 different plant species considered for observation,
22 were planted.
Hi)

Oil extraction and oil assessment

From 22 species planted, 9 different essential oils and two oleoresins
were produced and assessed.
Name of plants

Cinnamon Cassia
verum

i (''.rnnamon

I Cymbopogon citratus

Commen ts based on preliminaries studies or
observations made dur in the ru · eel
Ma not be suitable to the ORIA environment.
Cost of oil production in the ORIA considered loo high.
Planted one tree. Cost of oil production in the ORIA
considered too hi h.
Produced commercially during the project. Quality
similar to Guatemala lemon rass oil.

Cvmbo . winteriana
, Cymbop. mart. Sofia
mart. Metia
I Canan ga odorata

I Cymbop.

1-mbiscus abelmoschus
Pogostemon cablin

No more market for the oil.
Importe.d. Destroyed by Quarantine.
Planted one. tree. Attempts are being made to propagate
it by tissue culture.
Oil with a small market.
Very valuable oil. Plants imported from PNG. Superior
clones imported from Indonesia died in Quarantine.
Plant marginally suited to the ORIA. Requires under
gauge pressure distillation. Assessment not completed.
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Name of plants

.

I Tagetes glandulifera

Comments based on p.relimina..ries studies o.r
observations made du.ring the project

Oleoresin in high demand. Well suited to the ORIA.
Imported seeds from Mexico via USA. Assessment not
completed.
1
1
Vetiveria zizanoides
Very valuable oil. Plants imported from Indonesia and
Reunion Island were destroyed by Quarantine. One of
1
I
eight plants imported from PNG in 1987 was released in
I
November 1991. Planted 3 different cultivars from seeds.
1
Requires under gauge pressure distillation. Oil not
assessed.
1
Basilicurn ocimurn
Oil similar to the American Sweet Basil oil was produced.
Rich in limalool. Small market. Present markets prefer
----~~-~~---'-o=i1~r~i~cl~1=i1~1=m~e~t1=1y~l~c~h=a~v~ic~o=l~s=im=c=il=ar:_;_:to~R~e~u_n~i_o1_1_b_as_1_·1_o_il_.~;
I Coriander sativum
Cost of oil production in the ORIA too high.
i Cumin um cyminum
Cost of oil production in the ORIA too high.
I Murraya koenigii
New oil, no market yet for the oil.
Salvia off'icinalis
Grew well. Standard oil was produced. Assessment not
--~-~--~~~·~c~o=in~p~l~et~e~d~.=S1=n=a=ll~n=1a=r~k~e~t·~~~-~~-~~~~--;
I Anethum graveolens
Cost of oil production in the ORIA too high.
I
I Mentha arvensis
Cost of oil production in the ORIA considered too high.
I
I Zingiber officinale
Failed to establish in full sun on sandy soils in the ORIA.
I Melissa officinalis
Oil with a small market.
i Origanum marjorana
Oil with a small market.
l Arternisia dracun culus
Cost of oil production in the ORIA too high.
Artemisia ahsinthium
Failed to establish on clay soils. Oil with a small market.
I Murraya exotica
New oil. Assessment not completed
I Streptoglossa odorens
New oil. failed to establish on clay soils.
j Zin giber officinale
Imported from Brazil and Fidji. Specific varieties for the
production of oleoresln. Failed to establish in full sun.
Grows very well in shade house.
,
I
J Capsicum annuum
Oleoresin in high demand. Seeds from a specific cultivar
j
for the production of oleo resin were imported from
I
Spain. Cost of oleoresin production in the ORIA
i
I
considered too high. Assessment not completed.
1
I Curcuma_l_o_n~g_a
Pla~1t marginallv suited to the ORIA. Needs windbreaks.
I
1

I

I

:
I

I

I
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8.

Implications and recommendations

The tropical essential oil industry has traditionally been based in
developing countries because of the climate. However, the land in
these countries is being increasingly used for food crop instead of cash
crop. In addition, the quality of the essential oils produced is variable,
their supply is inadequate or irregular and the oils are prone to severe
price fluctuations.
With its climate and its unlimited supply of water the ORIA should be
able to produce these oils. The facilities are here for any producer to
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meet the stringent quality specifications of overseas buyers and to
guaranty consistency in the quality and supply of the oils produced.
The future of the tropical essential oil industry in the ORIA, will
depend on a number factors. including the granting of a rebate on the
fuel burned during the distillation. the designing and building of
efficient 40 HP boilers and, in the longer term, the int.rod uction of
essential oil producing plants, particularly grasses such as vetiver.

palmarosa and lemongrass.
The research into tropical essential oil producing plants is proceeding
extremely slowly due to the unavailability of planting material in
Australia and the rigidity of the Quarantine laws. However. in the last
15 years, plant propagation technology and our knowledge on plant
virus have dramatically advanced. This justifies the revision of
Quarantine laws and procedures directly relevant to the import of
grass tillers.
In summary, the recommendations for commercial development of the
results of the project are:
- Revision of the Quarantine rules dealing with the import into
Australia of tissue cultured grasses or vegetative material
derived from grasses.
- Revision of the Quarantine procedures to speed up plant
release.
- Training of Quarantine staff in virus detection methods. At
present, only one person in the whole country does virus
indexing for Quarantine.
- Granting to the distillers of a rebate on the fuel burned during
distillations. (Grain growers get a rebate on the fuel burned to
dry grain)
- Investigate the possibility of Tasmanian Essential Oils Ltd
being involved in marketing oils produced in the Ord River.
Irrigation Area.
- Investigate the possibility of Givaudan Ltd, now owners of
Fr itzsche Dodge & Olcott, funding research on essential oils in
the ORIA.
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- Investigate the possibility of Givaudan Ltd purchasing and
marketing locally produced essential oils as BASF previously
did.
- Revision of the Western Australian law that requires boilers
over 40 HP to be operated by workers with a boiler license.

9. Intellectual property arising from the research
Not applicable

10. Technical summary of all information developed as part
of the research
Ginger
Needs windbreaks and shade to grow in the ORIA.
Yield: 4 to S kg green ginger will yield: 1 kg dried ginger. Dried ginger
yields 5 to 6 % of its weight in oleoresin.
Ginger oleoresin price: US$30/lb (Feb.89).

Sage is well suited to the climate of the ORIA. Although official results
from the oil analyses were not yet available at the time of writing this
report, preliminary results indicated a high percentage of thujone in all
samples.

Tarragon
Russian tarragon and French tarragon look identical but the Russian
tarragon has 90 somatic chromosomes. while the French tarragon
which is a derivative of Russian tarragon has 36 somatic chromosomes.
The Russian tarragon oil yield was 0.12 % of fresh weightand the oil
dominant ingredients were sabinene (31 %) and methyl eugenol (22.5
% ). This oil is entirely different from the French tarragon oil which
contains (81 %) of methyl chavicol. Russian tarragon has no culinary
application and its oil is unmarketable.
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The trial was however informative enough to indicate that French
tarragon which is weaker that Russian tarragon is not likely to be an
economically viable crop for the ORIA on clay soils.

Basil
Basil is well suited t.o the climate of the ORIA.
The percentage of extraction varied from 0.065 % to 0.24 % and the
yield in L/ha varied between 9.151 and 36.473 L/ha, depending on
the material distiled (whole plant or flowers only), the time of the year,
and the age of the plant.
·
The two major components of our basil oil were linalool and metylchavicol. The lowest linalool percentage was 34.6%, while the highest
was 59.8 % • while the percentage of methyl-chavicol in the samples
varied from 23.4% to 32.8% depending on the material distiled, the
time of the year, and the age of the plant.
Marjoram
Marjoram is well suited to the climate of the ORIA. The oil yield was
0.35% of the fresh weight.
The oil assessed by Fritzsche Dodge & Olcott in New York showed a high
percentage of cis-sabinene hydrate (26 %) and sabinene (8.7). This oil
is entirely different from an oil traded as Spanish marjoram oil or
Spanish wild marjoram oil which is derived from Thymus mastichina L.
and contains large amount of 1,8-cineole ( 45 % ) and linalool (27 %).
The oil produced by the project is true marjoram, derived from
Origanu m marjorana.
Patchouli
Due to lack of appropriate equipment and the project premature
ending, the correct distillation procedure could not be applied. The
normal procedure to distil patchouli requires alternating high and low
pressures. The laboratory not being adequately equipped, the
patchouli was distiled at low pressure only. Nevertheless, the first
samples of patchouli oil produced in the laboratory were found to
match reasonably well the standard commercial oil sample. They were
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lower in borneol/isoborneoL The samples were also paler in colour
when compared with the commercial sample.
Patchouli is marginally suited to the climate of the ORIA.
Vetiver. Palmarosa,Citronella
These three grasses are well suited to the climate of the ORIA, but it is
almost impossible to bring tillers of these grasses from overseas into
Australia due to the strict Quarantine measure.
Production of vetiver oil has started in 1987 in the USA. It is expected
that the production of other tropical essential oils in the USA will be
envisaged in the near future.
Wormwood
Wormwood proved to be unsuitable for growing on clay soils.
Marigold
There is a good demand for dried marigold flowers or its oleoresin.
The petals of a specific variety of marigold, available now in Kununurra
through Spike Desert Seeds, contain a high concentration of a yellow
compound called xanthophyll which is a food colorant. The xanthophyll
imparts a yellow glow to the meats' fat and to egg yolks, an appearance
pleasing to consumers. The St.ate of Victoria imports a mixture of dried
marigold petals and marigold oleoresin from Mexico to mix with animal
feeds since artificial colorants are banned in animal feeds in that State.
It is expected that, in the near future, all States will ban the use of
artificial colorants in animal feeds.

Turmeric
Turmeric is traditionally grown on sandy soils like peanuts but it is
thought that it could perform fairly well on heavy soil under irrigation.
Yield of fresh turmeric: 16.5 t to 22.4 t irrigated and 6.7 t to 8.9 t/ha
rainfed. Yield of dried turmeric is from 20 to 25% of fresh material.
Oleoresin: 3.3 to 8 % of dried turmeric
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Turmeric oleoresin was sold A$ 20/kg with <20 ppm residual solvent
(May 90). The potential for turmeric oleoresin is unknown at this

stage, however it is known there is strong market growth of about
5 .. S % p.a .. The world market estimate is 380 - 400 t (ca 7% curcumin)
valued at US$3 million.
Lemongrass

Oil quality: Citral percentage is calculated as the sum of neral and
geranial percentages. The analyses of oil samples recovered from three
different stills showed an almost constant average level of neral of
30% for all stills while geranial contents varied from 36.5% to 49.3%
depending on the kind of still used. The quality of the commercial
lemongrass oil was identical to the traded Guatemala lernongrass oil
· regarding its citral content, but superior to that oil regarding its
fragrance.
Oil yield: The lemongrass had an average of 0.24% oil content

Oil market: Australia does not produce lemongrass oil and imports
amount to 15 t/year at $19 to $25/kg. Western Europe consumes 160
tons yearly, North America 120 tons. the Soviet Union 11 () tons, and
Japan 40 tons. None of these countries are producers. India produces
800 tons yearly but a large proportion of it is consumed domestically.
Guatemala and China are the main suppliers, but they are unreliable.
Cost and Benefit Analysis ( 1989):
Table 1 - Assumptions for commercial Iemongrass oil production
I

I
I
I

I

No of ha:
Herbage (First year of oroduction ):
Average vield of herbaae:
Average extraction yield:
Average distillation charge:
Total oil produced (1st year):
No. of drums produced ( 1st vear.):
Total oil produced:
No. of drums produced:
Freight cost Qer drum:
Price of lemongrass oil:

30ha

75 t/ha

I

I

100 t/ha
0.25%
3t
. k,g
.5625

28
7500 kg

I
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I
I

$70
20 $/L

I

Planting costs:
Km Qer load:
Petrol price:
Land leasing:
Subsidised fuel:
Fuel consummed:
No. dist. Ost year):
No. of distillations:
No. of dist./dav:
No. distillation .days:
Project life:

1000 $/ha
7km
0.6 $/L
100 $/ha
0.4$/L
80 L/distil.
750
1000

5
200 davs
5 years
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I

I
I
I

I
I

I
I

I
I

Table 2 - Details of the lemongrass oil production budget
EXPENSES
Assets

Year I

One tractor

15000
10000
10000
10000
100000

Forazer

I

Two trucks
Other Implements
su II & Shed

I Laod leasios

Year 2

Year 3

Year 4

Year

51
I
I
I

@

l 00

@

50 $/ha

3000
3000
30000
1500

@ 560 $/t.
0.2 t../ha

3360

3360

3360

3360

3360

16200

16200

16200

16200

16200

900

900

900

900

900

Still
Trucks
Others

3000
3000
3000

3000
3000
3000

3000
3000
3000

3000
3000
3000

3000 I.
3000
3000

I Wages

30000

30000

30000

30000

30000

945

1260

1260

1260

1260

24000
1200
2813
500
2592

32000
1200
2625
3750
500
2716

32000
1200
2625
3750
500
2716

32000
1200
26253750
500
2716

32000 I
1200 I
?625 I
3750 I
500
2716

275978

106511

106511

106511

Laod oreoaratloo
Plaotio1 costs
Chemicals
Fertl I lsers
DSP + Zn

Rate of DSP + Zn
Urea
Rate of Urea
Water costs

@

$/ha

450 $/t

l .2 t/ha
@

30 $/ha

Maintenance costs

I

Miscellaneous

I Petrol for trucks
I
I

I

Distillatioo costs

Fuel for distillations
Water treatment.
Oil drums
Frelaht drums
Electricity
Contingencies

I GROSS

COSTS

1969

3%

-

106511
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Table 3 - Costs and benefits of Iemongrass oil production
Total Value
Incremental
Gross
of Production
Benefit
Costs ( -Gross Benefits) ( -Cash Flow)
Year
1
275978
112500
-163478
2

3
4

5

!
I
I

106511
106511
106511
106511

TOTAL 702022

150000
150000
150000
150000
50000*
762500

43489
43489
43489
43489
50000
60478

Present
Value
12.11

-145833
34608
30872
27740
24567
28246
0

IRR=12.lil
* Assumed salvage value of equipment
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